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Abstract 
The aim of this project is to determine a suitable method for applying zinc based 
corrosion protection to steel fabricated in a remote area.  The various methods for 
applying the zinc have been researched to determine their requirements and their 
relative advantages and limitations.  The application methods identified were: 
 Hot-dip Galvanising 
 Electro-Galvanising 
 Metal Spray 
 Sherardizing 
 Organic Zinc Rich Primers 
 Inorganic Zinc Rich Primers 
The methods were researched to find the following information: 
 Application Process 
 Required Inspections 
 Known Advantages and Disadvantages 
 Health, Safety, and Environmental Factors 
 Required Infrastructure 
The results of the research were used to determine which of the coatings could be 
performed by the business.  A criteria matrix was developed and used to determine 
this.  Zinc thermal spray and both organic and inorganic zinc rich primers were deemed 
the most viable.  The corrosion and abrasion resistance of these coatings were tested 
and compared with the performance of hot dip galvanising due to it being an industry 
standard.  The results highlighted zinc thermal spray as the highest performer with 
greatest corrosion resistance and superior abrasion resistance over the painted 
coatings.  
The costs of the coatings were also compared with the cost of having an external 
supplier performing hot dip galvanising.  It was found that the cost of transport made 
this uneconomical as expected.  The cost of zinc thermal spray again proved to be the 
highest performer being 25% less to apply than the painted zinc rich coatings.  
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The net present value for acquiring the infrastructure to perform  zinc thermal spray 
was calculated and proved that the project is worth pursuing.  This has provided 
assurance that the application of zinc thermal spray would not only provide the 
customer with a cost effective alternative to hot dip galvanising, but also that it will 
provide a positive investment for the business. 
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1. Introduction 
This paper is to be used to determine the most cost effective method for applying zinc 
based coating to steel fabrications built in remote areas.   
1.1. Project Topic 
Cost effective galvanising in remote areas. 
1.2. Project Background 
Barkly Engineering has been providing fabrication and machining services to local 
industries in Mount Isa, including the mining sector and heavy industry, since 2004.  It 
is located on an industrial site in the north east of Mount Isa with established 
fabrication, machine, and fitting shops.  The available real-estate is very limited as can 
be seen in Figure 1.1, along with some of the major infrastructure. 
 Since being established Barkly Engineering has not been able to provide galvanising of 
steel work as requested by customers as the closest galvanising facility to Mount Isa is 
located approximately 900km east in Townsville.  It has been previously assumed that, 
in most circumstances, transport back and forth to have the galvanising applied is 
uneconomical, although a costing analysis has been performed.   
Whilst some items can be purchased in a galvanised finish, such as handrails, floor 
grating, and hollow sections, any further fabrication that is conducted upon receiving 
the components can only be painted with a zinc rich primer to protect the welded 
area.   
Barkly Engineering would like to explore the option of providing galvanised steel 
structures to the local industries, but this must be cost effective to compete with hot 
dip galvanising provided by coastal fabricators.  
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1.3. Research Aims and Objectives 
The aim of this research is to nominate a suitable method for applying zinc based 
coatings to steel for corrosion protection in an already established engineering 
workshop located in a remote area.  The justification of the application method will be 
based on a number of factors including the following: 
 Corrosion resistance 
 Durability 
 Required processing infrastructure 
 Training 
 Limitations of the process 
 Start up and ongoing costs including operational and maintenance 
1.4. Justification 
Justification of this project lies in the limitations of remote areas being able to provide 
long term corrosion protection for fabricated steel work including mechanical 
components and structures.  As previously mentioned, the closest hot-dip galvanising 
facility is located 900km east of Mount Isa at Townsville.  For Barkly Engineering, this 
means a potential business opportunity to increase its service to the local industries by 
offering a suitable corrosion protection system.  For the local industries it has the 
potential to increase the lifespan of steel work whilst reducing maintenance schedules.  
1.5. Scope 
The purpose of this paper is to determine and justify a method for applying zinc to 
steel in a remotely located engineering workshop.  The application methods identified 
are: 
 Hot-dip galvanising 
 Electro-galvanising 
 Metal Spraying with either arc or flame 
 Sherardizing 
 Painting with either inorganic or organic zinc rich primers 
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A literature review has been conducted to determine the processing, infrastructure, 
and environmental requirements of each of the application methods.  This is to be 
followed with practical testing of samples of the shortlisted application methods to 
determine how the corrosion and abrasion resistance compares between them. 
1.6. Out of Scope 
The justification for using zinc coatings on steel are well documented and are not being 
explored.  The paper will focus on the various applications of zinc protection in terms 
of barrier and cathodic protection, required infrastructure, and other advantages and 
disadvantages of the application method.   
1.7. Conclusion 
The aim of the project is to investigate the various methods for applying zinc based 
coating to steel fabrications typical of those produced at the business.  A study of the 
required infrastructure, limitations, and additional benefits of each method has been 
reviewed.  From this study, a list of potential applications methods will be produced 
and then tested and costed.  The costs will be compared against the shipping and 
application of hot dip galvanising to find if a true benefit lies in applying the coatings in 
remote areas, or whether shipping fabricated steel to an already established facility is 
more effective.  The project may show that coastal applications are in fact more 
effective, but still show that locally applied coating may well be feasible where time 
constraints may make shipping back and forth to other plants impractical. 
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2. Literature Review 
2.1. Background 
Zinc based galvanising has been used for the protection of steel against corrosion since 
1836 (Coburn 1984, p. 3).  It provides protection in two ways; as a barrier between the 
atmosphere and the steel, and also as a sacrificial anode.  The latter can provide 
protection to the steel should the physical barrier provided by the zinc coating suffer 
damage and the steel becomes exposed to the atmosphere.   
Traditional methods of application include hot dip galvanising and electroplating, also 
known as electro galvanising.  Lesser known methods that are explored are thermal 
metal spraying, sherardizing, and the use of zinc rich primers. 
2.2. Standards 
The following Australian and ISO standards set the guidelines for the protective 
coatings of steel as well as specific guidelines for some of the processes.  The 
standards applicable to this project are: 
AS1789:2003 - Electroplated Zinc (Electro-galvanized) Coatings 
AS2309:2008  -  Durability of Galvanized and Electro-galvanized Zinc Coatings for 
 the Protection of Steel in Structural Applications - Atmospheric 
AS2312:2002  - Guide to the protection of structural steel against atmospheric 
 corrosion by the use of protective coatings. 
AS3750.9:2009 - Paints for Steel Structures - Organic Zinc-Rich Primer 
AS3750.15:1998 - Paints for Steel Structures - Inorganic Zinc Silicate Paint 
AS3894.5:2002 -  Site Testing of Protective Coatings - Method 5: Determination of 
 Surface Profile 
AS4680:2006 -  Hot-Dip Galvanized (zinc) Coatings on Fabricated Ferrous Articles 
AS4750:2003 - Electro-galvanized (zinc) coatings on ferrous hollow and open 
  sections 
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AS4848.1:2006 - Application specifications for coating systems – Single coat 
inorganic (zinc) silicate – Solvent-borne. 
ISO14713-1 - Zinc Coatings - Guidelines and Recommendations for the 
Protection Against Corrosion of Iron and Steel in Structures - Part 
1: General Principles of Design and Corrosion Resistance 
ISO14713-2 - Zinc Coatings - Guidelines and Recommendations for the 
Protection Against Corrosion of Iron and Steel in Structures - 
Part2: Hot Dip Galvanizing 
ISO14713-3 - Zinc Coatings - Guidelines and Recommendations for the  
  Protection Against Corrosion of Iron and Steel in Structures - Part 
  3: Sherardizing 
Many large mining and minerals processing organisations have developed their own 
specifications and standards for engineering processes including protective coatings.  
These are typically developed through industry research and ensure that the coatings 
applied are suitable for the local environment.  These standards often reference the 
applicable Australian standards, but also set specific requirements such as a minimum 
thickness for galvanised coatings of 600g/m² (Xstrata, 2010, p.18). 
 
2.3. Environmental Legislation 
2.3.1. Introduction 
In accordance with the general environmental duty enforced by the Environmental 
Protection Act 1994, any individual or company is to prevent or minimise any 
environmental harm using all reasonable and practicable measures. 
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2.3.2. Environmentally Relevant Activities 
In accordance with the Environmental Protection Act 1994, Part 3, Section 19, a 
regulation may prescribe an activity as an environmentally relevant activity (ERA) in 
the instance of the following: 
a) a contaminant will or may be released into the environment when the activity 
is carried out; and 
b) the release of the contaminant will or may cause environmental harm. 
The annual cost is determined by the governing authority assigning an aggregate 
environmental score to the prescribed ERA which is then multiplied by a fee. The 
current fee per point is $220.80 (Summary of Fees for Environmentally Relevant 
Activities (ERAs)  2012). Under the Environmental Protection Regulation 2008, the 
following activities common amongst the surface coatings are prescribed as ERA's: 
 Schedule 2,Part 8, Section 38 - Surface Coating, 
o Part 1a: Anodising, electroplating, enamelling or galvanising using 1-100t/yr of 
surface coating materials 
 Cost: $2208.00 per year 
o Part 2: Coating, painting or powder coating using >100t/yr of surface coating 
materials 
 Cost: $1545.6 per year 
 
In order to carry out a prescribed ERA, the company must apply for an Environmental 
Authority (licence) for the selected activity.   As Barkly Engineering does not currently 
have an Environmental Authority for performing Surface Coating Part 1a, an 
application will be required to add this to their existing Environmental Authority. 
The application will be assessed taking into account the potential for environmental 
harm and the proposed mitigating measures.   
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Environmental harm may be present in the form of: 
 Discharge of contaminants to air or water 
 Noise 
 Waste products 
 Environmental value of the land 
 
2.3.3. Environmental Controls 
Potential controls that may be required, but not limited to, are: 
 Environmental Management System (EMS) 
 Treatment of any discharges prior to release 
 Reducing the quantity or concentration of contaminants prior to release 
 Reducing the dispersion of contaminants during release 
 Monitoring of discharged contaminants 
 Waste management 
 Noise minimisation 
 
2.3.4. Reporting 
Once the Environmental Authority has been granted, regulatory reporting 
requirements, such as the National Pollutant Inventory (NPI), may need to be 
considered.  The reporting requirements are based on thresholds for particular 
pollutants and consumption of certain elements, therefore further investigation may 
be required to determine if these thresholds are exceeded by the selected process. 
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2.4. Hot Dip Galvanising 
2.4.1. Background 
Hot dip galvanising has been in use since 1836 when the process was patented by 
French chemist, Sorel (Coburn 1984, p. 3).  The process involves the submersion of 
prepared steel into a bath of molten zinc with the preparation of the steel, fluxing, and 
presence of molten zinc creating a chemical reaction between the steel.  The resultant 
layer is not a plated layer of zinc, but instead a combination of zinc and iron alloys that 
form an integral part of the steel component.  This is a property of zinc coatings only 
present in hot dip galvanising and sherardizing (Galvanisers Association of Australia 
1981). 
The thickness of hot dip galvanised coatings are typically within the range of 25 to 
200µm dependant on the reaction times between thick and thin sections of steel.  The 
thicker the section the longer the reaction time and hence the thicker the zinc coating 
(Galvanisers Association of Australia 1981, p. 21).  The appearance of the hot-dip 
galvanised surface is typically a smooth, shiny, and spangled, see Figure 2.1.  The size 
of the spangles are purely aesthetic and have no bearing on the performance of the 
galvanising (American Galvanizers Association 2000, p. 11) 
 
Figure 2.1 - Typical Appearance of Hot-Dip Galvanised Steel (Galvinfo Center, 2011) 
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2.4.2. Process 
In order for the Alloying reaction to take place between the zinc and the surface of the 
steel, a number of steps are required to prepare the steel.  If any of these steps is not 
completed satisfactorily it could result in failure of the reaction process and an 
incomplete coating (American Galvanizers Association 2000, p. 3).  The steps for hot 
dip galvanising are as follows: 
1. Degreasing in a bath of hot caustic soda solution is required to remove any oil 
or grease from the surface.   This action removes contaminants from the 
surface allowing for effective wetting of the surface when the weldment is 
placed in the following tank.  Parts with painted surfaces or heavy 
contamination may require grit blasting prior to this step. 
2. The submersion in a weak acid tank removes mill scale and corrosion from the 
surface of the steel. This step is referred to as pickling. 
3. The final stage before applying the zinc coating is fluxing and the solution used 
is zinc ammonium chloride (American Galvanizers Association 2000, p. 3).  This 
step dissolves oxides on the steel and prevents more forming by creating a 
barrier layer between the steel and the atmosphere.  This can be applied either 
wet or dry, but both achieve the same end result. 
Dry fluxing requires the use of a separate bath where the steel part is 
submerged, withdrawn, and then dried prior to galvanising.  The solution is 
kept at a temperature of 65°C (Galvanisers Association of Australia 1981, p. 15).   
Wet fluxing involves floating a fluxing agent on top of the galvanising bath with 
the use of foaming agents so that the steel passes through the chloride and 
into the zinc (Coburn 1984, p. 10).  Whilst wet galvanising has an advantage of 
containing splatter fume in the bath as the part is lowered, it does require a 
weir in the tank that the part must be passed under in order to be withdrawn 
without passing back through the flux.  Wet flux also has a limited life and must 
be replenished and eventually replaced 
4. After all of the preparation, the steel can be placed in the molten bath of zinc.  
The bath is maintained at a temperature between 455°C and 465°C.  The steel 
weldment remains in the bath until it has reached the same temperature 
(Galvanisers Association of Australia 1981, p. 15).  During this time, the zinc 
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reacts with the iron to form alloy layers.  As the steel must be brought up to 
temperature, sections with a larger thickness take longer in the bath varying 
from a few minutes up to half an hour for heavy structural sections.  The now 
galvanised steel is removed from the bath and either quenched in water or 
allowed to cool in ambient air (American Galvanizers Association 2000, p. 3). 
 
2.4.3.   Inspection 
Hot dip galvanised steel has a very simple inspection process.  As the reaction between 
the molten zinc and the steel will not take place unless the steel is completely clean, 
free of contaminants, and fully fluxed any faulty area will not allow the steel to react 
with the zinc preventing the coating from forming in that area, thus being detected 
with a visual inspection (American Galvanizers Association 2000, p. 4). 
Whilst full coverage is easily detected, the thickness of the galvanised layer may vary 
depending on the steel thickness.  As the steel must be brought up to the bath 
temperature, the reactions on thinner material are completed quickly resulting in 
thinner galvanising, whilst larger sections will have thicker layers (Galvanisers 
Association of Australia 1981, p. 21).  This may not raise issues though as both full 
isolation and cathodic protection are still present.   
 
2.4.4.  Advantages 
During the galvanising process, the zinc reacts with the iron in the steel to form three 
alloy layers between the layer of steel and a pure layer of zinc.  The order of the layers 
as illustrated in Figure 2.2. 
This alloying effect provides toughness and abrasion resistance to the galvanised 
coating but it is unknown at this stage what affect it has on the corrosion performance 
of the steel.  There are claims that it does benefit the corrosion resistance although no 
direct comparison between alloyed and non-alloyed zinc coatings can be found to 
substantiate these claims. 
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Figure 2.2 - Alloy Layers in Hot Dip Galvanised Coatings (American Galvanizers American Galvanizers Association 
2000) 
An advantage in the hot dip galvanising process is that uniform thickness is present 
around edges and corners.  This is often an issue with painted products which tend to 
thin out around the edge (American Galvanizers Association 2000, p. 5). 
 
2.4.5.   Disadvantages 
Hot dip galvanizing requires the bath of zinc to remain molten at all times.  This is 
really only possible if it has a near constant supply of steel work to process.  For a 
workshop that only has occasional jobs that require galvanising, this may not be 
economical. 
The alloying reaction that occurs in hot dip galvanising can be poor with 'reactive' 
steels.  These steels typically have higher silicon or phosphorous and accelerate the 
reaction and cause the final coating to be matt grey rather than the typical shiny 
galvanised finish, but more importantly, the surface can be fragile.  The opposite is also 
of concern, whereby low silicon steels have very slow reactions resulting in thinner 
coatings (Galvanisers Association of Australia 1981, p. 21).   
Steel that has been Cold Worked react in a similar way to high silicon steels.  This 
would be seen on structures with bent or curved members or plate.  The temperature 
that galvanising occurs at can cause distortion in both cold worked and thin sections 
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('A guide to good galvanising'  1972, p. 13).  These factors should be considered during 
the design process to reduce the impact of these effects on the item. 
Holes must be provided in the item in order to allow for supporting of the item as it 
moves between each of the processes.  They must also be provided in hollow items to 
prevent explosion during the high temperature process ('A guide to good galvanising'  
1972, p. 4). 
 
2.4.6. Health Safety and Environment 
As hot dip galvanising is performed with a heated bath of zinc, fume capture is 
required to contain and filter the off gas produced when the steel is entered into the 
bath.  According to the Environmental Act, the emission of fume has restrictions on the 
release of particulate, pm2.5 to 25µg/m³ and 8µg/m³ over 24 hours and 1 year 
respectively, and  pm10 to 50µg/m³ during a 24 hour period (Environmental Protection 
(Air) Policy 2008  2012).  This requires suitable filtering to ensure compliance with the 
criteria. 
Spent chemicals such as the caustic solutions and the pickling acid, and dross from the 
galvanising bath require disposal by a licensed contractor.  
A summary of the requirements to ensure the health and safety of personnel working 
with the chemicals involved with the process and the potential chronic effects are seen 
in Table 2.1.  The material safety data sheets for the chemicals used are: 
 Sodium Hydroxide (Sodium Hydroxide  2013) 
 Hydrochloric Acid (Hydrochloric Acid 2007) 
 Antivapor (Antivapor 2013) 
 Galvpack (Galvpack 2013) 
 Zinc Ammonium Chloride (Zinc Ammonium Chloride 2013) 
 Ammonium Chloride (Ammonium Chloride 2013) 
 Ammonia (Ammonia (Anhydrous)  2013) 
 Nickel Chloride (Nickel Chloride 2013) 
 Sodium Dichromate (Sodium Dichromate 2013) 
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Table 2.1 - Health and Safety information for hot dip galvanising chemicals 
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Health 
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Personal Protective Equipment Required 
 
C
ar
ci
n
o
ge
n
ic
 
M
u
ta
ge
n
ic
 
To
xi
c 
C
o
ve
ra
lls
/a
p
ro
n
 
Sa
fe
ty
 B
o
o
ts
 
C
h
e
m
ic
al
 G
o
gg
le
s 
Fa
ce
 S
h
ie
ld
 
G
lo
ve
s 
Breathing 
Ey
e
w
as
h
 
Sh
o
w
e
r 
V
e
n
ti
la
ti
o
n
 
 
D
u
st
 M
as
k 
R
e
sp
ir
at
o
r 
Se
lf
 C
o
n
ta
in
e
d
 
R
e
sp
ir
at
o
r 
Material 
Sodium Hydroxide               
Hydrochloric Acid               
Antivapor               
Galvpack               
Zinc Ammonium Chloride               
Ammonium Chloride               
Ammonia               
Nickel Chloride               
Sodium Dichromate               
 
2.4.7.   Infrastructure 
Infrastructure requirements for hot dip galvanising are high, with the preparation 
stage requiring the bulk of the components.  The sizes of the weldments that can be 
galvanised are limited by the size of the baths, which are, according to AS4680:2006, 
up to 14x2x2m in Australia.  Double dipping is possible, but the size of the bath is still a 
major constraint as to what can be hot dip galvanised.    Components required are 
listed in Table 2.2. 
. 
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Table 2.2: Required infrastructure for hot dip galvanising 
Barkly Owned New Capital Items Consumables 
 Overhead crane of 
suitable size to handle 
steel work 
 Grit blasting for heavily 
contaminated items 
 Blasting bay 
 Blasting unit 
 Air compressor 
 Air drier 
 Cyclonic filter  
 Rinsing area 
 Galvanising bath 
 Ventilation and filters 
 Zinc for initial fill of bath  
 Racking to support 
steelwork 
 Degreasing bath 
 Pickling bath 
 Fluxing bath (removed if 
wet fluxing) 
 
 Degreaser 
 Steel grit 
 Zinc ammonium chloride 
 Acid for pickling 
 Zinc for galvanising  
 Water for rinsing 
 Power 
 Gas 
 
 
2.4.8. Centrifuge Treatment 
Centrifuge is a post hot dip galvanising process that is used to create a thin, uniform 
layers by removing any excess zinc.  It is typically only used for small components 
where thin layers are required. 
The process involves hot dip galvanising the small components in a basket.  Many 
components can be galvanised at a time.  Once the reaction between the steel and 
zinc has taken place, the basket is removed from the zinc bath and spun between 400 
and 1000 rpm.  This induces a centrifugal force that causes the excess zinc to travel 
from the part into a collection bin.  The basket is then quenched in order to prevent 
the components from bonding to each other. 
Machinery used for centrifuging can vary depending on the maximum load capacity 
and the size of the basket that can be used (Scheer; 2011).   
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2.5. Electro-galvanising (Electroplating) 
2.5.1.  Background 
Electroplating of steel provides a uniform coating of pure zinc with no alloying 
component.  It involves submersing the steel item (cathode) into a suitable electrolyte 
with a zinc anode.  The anode and cathode are electrically connected which enables 
the zinc to form a layer over the steel using electro-deposition.  This layer relies on a 
mechanical bond with the underlying steel. 
There are a number of electrolytes that can be used for plating zinc onto steel; 
cyanide, alkaline non-cyanide, or acid chloride.  Cyanide was the predominant solution 
but due to environmental issues has been replaced with the latter two types.  An 
electroplating facility located in Brisbane, Queensland utilise an acid chloride 
electrolyte consisting of potassium chloride, boric acid, and zinc oxide (Burgess, P 
2003, pers. comm., 10 September). 
Electroplated zinc typically has a smooth, silver, satin to glossy finish without the 
spangle pattern produced by hot dip galvanising.  A gold finish can also be achieved 
with an alternative passivation chemical, see Figure 2.3. 
 
Figure 2.3 - Example of clear and yellow passivation (http://www.chingfordtec.co.uk/zinc-plating.php) 
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2.5.2.   Process 
The process required for electroplating zinc has a strong emphasis on cleanliness of the 
part being plated.  The components are wired to racks that pass from one stage to the 
next without being touched by personnel.  There are 18 steps in order to zinc plate 
with double rinses between most: 
1. Soak clean in 32% sodium hydroxide  
2. Electrolytic alkaline clean in 45% sodium hydroxide 
3. Rinse 
4. Rinse 
5. Pickle in 10% sulphuric acid 
6. Rinse 
7. Rinse 
8. Electrolytic clean 
9. Rinse 
10. Rinse 
11. Rinse in 2% hydrochloric acid (Sharp water) 
12. Electroplate in potassium chloride, boric acid, and zinc chloride 
13. Rinse 
14. Rinse 
15. Passivate in potassium dichromate 
16. Rinse 
17. Rinse 
18. Dry 
Each of these stages requires the part to be moved from bath to bath including the 
rinses.  These baths are typically arranged in series allowing movement of the part 
from the start in a continuous line to the final process (Burgess, P 2003, pers. comm., 
10 September). 
 
2.5.3. Inspection 
Inspection of the completed plating requires only a thickness test to ensure the correct 
thickness of zinc and a visual scan to ensure that no imperfections are present.  Faults 
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in the coating are typically a result of contamination remaining on the part after the 
cleaning process. 
The thickness of the zinc coating can be measured with a digital thickness gauge such 
as an Elecometer. 
 
2.5.4. Advantages 
The process produces a uniform coating thickness around all edges and corners that 
improves the corrosion protection provided. 
Visually, the coating is smooth and shiny which may be preferable where aesthetics 
are important. 
Like hot dip galvanising, the coating will not form where contamination is present, this 
makes inspection very simple. 
 
2.5.5. Disadvantages 
Electro-galvanising does have limitations in certain applications.  The Australian 
Standard AS2309, Durability of galvanized and electro-galvanized zinc coatings for the 
protection of steel in structural applications - atmospheric, does not recommend class 
1 coatings for external use.  These coatings typically have less than 100g/m² and no 
greater than 50µm or 280g/m² (Sato 1994) of zinc and are recommended for indoor 
applications only (Galvanisers Association of Australia 1981, p. 29) and therefore is not 
a viable application for the purposes of this project.   
 
2.5.6. Health Safety and Environment 
A summary of the requirements identified in the applicable MSDS's for the chemicals 
used is provided in Table 2.3. 
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Material Safety Data Sheets were used for the following chemicals: 
 Hullkleen Soak C (Hullkleen Soak C, 2006) 
 Hullkleen 810 (Hullkleen 810, 2004) 
 Sulphuric Acid (Sulphuric Acid 52-100%, 2009) 
 Hydrochloric Acid (Hydrochloric Acid, 2007) 
 Potassium Chloride (Potassium Chloride, 2003) 
 Boric Acid (Boric Acid, 2004) 
 Zinc Chloride (Zinc Chloride, 2004) 
 Potassium Dichromate (Potassium Dichromate, 2013) 
 
Table 2.3 - Health and Safety information for electroplating chemicals 
 
Chronic 
Health 
Effects 
Personal Protective Equipment Required 
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Hullkleen Soak C               
Hullkleen 810               
Sulphuric Acid               
Hydrochloric Acid               
Potassium Chloride               
Boric Acid               
Zinc Chloride               
Potassium Dichromate               
 
Fume extraction is required on the pickling and plating baths as these are heated and 
emit chemical vapour. 
A dedicated electroplating facility located in Brisbane is not required to perform any 
environmental reporting as its discharge is less than the required amount for NPI 
(Burgess, P 2003, pers. comm., 10 September). 
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Waste management is an important consideration with electroplating.  Due to the 
chemicals used, the disposal of waste products is regulated by local authorities and 
must comply with prescribed limits.  Water used in the process is considered to be 
contaminated and a permit for its disposal must be obtained. 
Any liquid waste produced by the facility must have solids removed and disposed of 
according to the local authority’s guidelines. 
These requirements have been obtained from companies performing the work within 
Queensland, but may differ due to local government requirements. 
 
2.5.7. Infrastructure 
Barkly Owned New Capital Consumables 
 Overhead Crane (not well 
positioned for this process) 
 1 x Soaking bath 
 2 x Electrolytic cleaning 
baths 
 1 x pickling bath 
 1 x sharp water bath 
 1 x Electroplating bath 
 1 x Passivating bath 
 10 x rinsing baths 
 Racking to support the 
work 
 Chemical storage 
 Rectifiers for DC power 
 Fume extraction for 2 baths 
 Power 
 Chemicals 
 Water 
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2.6. Thermal Spraying 
2.6.1.   Background 
Thermal spraying, also known as Metallising, is a process used to apply a metal coating 
over another acceptable material.  It was first introduced in the early 1900's by Dr Max 
Ulrich Schoop.  Metallising can be used in applications where achieving specific 
material properties would be otherwise too costly.  For example, to improve the wear 
resistance of a standard grade steel item, the component can be coated with a 
material such as tungsten carbide.   
In the case of metallising, zinc is deposited on the steel by directing a stream of 
atomised zinc at the steel structure/fabrication.  This provides the barrier layer along 
with the cathodic protection required for galvanising. 
The thermal sprayed zinc coating was the only process recommended by ISO 
14713:1999 - Protection against corrosion of iron and steel in structures - Zinc and 
aluminium coatings – Guidelines, with a greater than 20 year period before first 
maintenance.  This standard has been superseded by ISO 14713-1:2009 Zinc coatings— 
Guidelines and recommendations for the protection against corrosion of iron and steel 
in structures — Part 1: General principles of design and corrosion resistance, however  
this standard does not provide the same detail regarding life to first maintenance for 
thermal sprayed zinc coatings as it does for all other zinc coatings. 
 
2.6.2.   Process 
The preparation of steel weldments for metallising is identical to that of typical paint 
preparation and follows the following steps: 
1. The steel must be degreased to remove oil, grease, and other contaminants 
that could cause contamination in the grit blasting stage.  High pressure water 
blasting is also recommended steel structures that may have been subject to 
salt contamination. 
2. Once degreased and according to AS2312-2002, the steel is grit blasted to class 
2.5 of AS162704 with a surface profile of at least 50 microns.  This removes 
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corrosion and mill scale, and provides a suitable surface for the metallised 
coating to bond to.   
3. Metallising can be performed in four different ways: either with powder or wire 
and with either arc or flame spray.  For galvanising steel, zinc in the form of 
wire is typically used with either of the two heat sources. 
Regardless of the heat source, the wire is heated to melting point and then 
sprayed using compressed air.  The air atomises the zinc with freezes instantly.  
The high velocity of the particles and the sharp surface finish causes the 
particles to adhere to the surface.  As the zinc can only leave the gun as molten 
particles, the reliability of the coating is up to the operator of the equipment 
(Lester 2002, p. 19).  
4. The final stage of the metallising process is the application of a sealer.  These 
can be acrylic, epoxy, or even silicates, but the purpose of any type is to fill the 
voids in the surface of the metallised coating and reduces the surface area 
exposed to the environment and improves the corrosion resistance of the 
coating (Cunningham 1963, p. 201). 
The process of applying a spray of solid metal particles at the steel surface causes the 
coating to be porous.  This porosity causes the layer to be approximately 85% zinc 
(Coating Comparison 2013) as can be seen in Figure 2.4, so in order to achieve the 
desired quantity of zinc on the surface, the thickness of the layer needs to be 18% 
thicker than that of hot dip galvanising.  The porosity of the layer does not have any 
negative effects on the protection of the steel as the voids can be initially filled with 
the sealer coat and as the coating wears or corrodes, the oxides formed by the zinc fill 
them, furthering the life of the layer (American Galvanizers Association 2013). 
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Figure 2.4 - Zinc Sprayed Coating Photomicrograph (Coating Comparison 2013) 
 
2.6.3.   Flame Spray 
The method of using a flame to melt the zinc wire consists of a single wire feed that 
passes through an oxygen-propane or oxygen-acetylene nozzle.  The flame melts the 
wire and compressed air from a surrounding nozzle atomises and directs the now 
frozen particles to the receiving steel at a high velocity (Cunningham 1963, p. 203).  
This process is illustrated in Figure 2.5. 
 
Figure 2.5 - Flame Spray Process (Zinc International Association 2013) 
Sealer 
Zinc 
Steel 
Voids (Dark 
Spots) 
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2.6.4.   Electric Arc Spray 
The electric arc spray method differs from the flame in that it uses two wire feeds; one 
charged positively, the other negatively.  The wires converge in front of a compressed 
air nozzle as shown is Figure 2.6. 
   
Figure 2.6 - Electric Arc Spray Hand Piece 
Once within arcing distance, the wires melt and a continual flow of compressed air 
atomises and projects the particles at the steel in the same way as the flame spray 
method.  This process is illustrated in Figure 2.7. 
 
Figure 2.7 - Electric Arc Spray Process (Zinc International Association 2013) 
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Electric arc spraying is not limited in speed as flame spraying is.  With flame spray, the 
temperature of the flame will reach a limit where the wire feed can only pass through 
so fast and be melted.  With arc metal spray, increasing the amperage in the wire feed 
allows the metal to be melted more rapidly and thus deposit the required thickness of 
zinc on the steel at a faster rate (Lester 2002, p. 20). 
 
2.6.5.   Inspection 
Inspection of the metallised coating is performed with a thickness gauge to ensure the 
required thickness has been applied.  
In accordance with AS3894.5, inspection of the grit blasted steel with either a surface 
profile comparator or replica tape is required.  
 
2.6.6. Advantages 
Metallising provides many advantages over hot dip galvanising as it can be tailored for 
each job.  Hot dip galvanising requires the use of a single bath to coat many jobs in 
order to become economically viable.   
The flexibility of the infrastructure required allows the use of other materials than just 
zinc based galvanising.  Other wire feeds can be used to apply coatings of aluminium, 
aluminium-zinc alloys, and aluminium-magnesium alloys.  In the case of aluminium, 
this can provide a more corrosion resistant layer in certain environments.   There are 
also wire feeds of zinc and aluminium alloys that can provide benefits of both materials 
as per the recommendations outlined in AS2312. 
As the system does not require submersion into a solution at any time, there are 
theoretically no limits to the size of the fabrications that can be coated.  Currently 
there are bridges (Cunningham 1963, p. 203) that are coated using this method.  Other 
examples of the benefits of this process include spraying infrastructure in-situ for 
ongoing asset longevity.  This would allow the business to offer a unique service to 
clients that have previously overlooked having steelwork galvanised due to their 
remote location. 
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As the layer of zinc is sprayed on and does not rely on a reaction between the iron and 
zinc, the layer can be applied to a greater thickness.  This does have cost implications 
although providing that the benefit of having a thicker and more expensive coating of 
zinc outweighs the costs of another, inferior system, this would provide justification. 
Metallising is considered a “cold” process as the temperature of the receiving steel is 
not greatly affected by the coating process.  As such, residual stresses created by 
welding, pressing, or heat treatment are not affected (Freeman 2002).  This can 
provide more dimensional stability to the fabricated item.  If stress relieving were to 
occur through any surface treatment process then the part may deform and become 
non-conforming. 
 
2.6.7.   Disadvantages 
Metallising does not create an alloying reaction between the steel and the zinc.  
Instead the coating is a layer of pure zinc on top of a steel structure, much like a layer 
of paint would be.  Whilst there are statements from pro hot-dip galvanising 
organisations that the alloying reaction in hot-dip galvanising improves both its 
corrosion resistance and durability, a direct comparison between the two applications 
has not been found.   
Also like any other coating on steel, the surface preparation is a key factor (Tucker 
1994).  Should the preparation process be conducted poorly then the zinc layer may 
not bond with the steel, this may cause the zinc to flake or peel away. 
As metal spraying requires a person to apply the layer, it can be seen as having some 
of the same disadvantages as spray painting, namely varied thickness and weaker 
edges.  To overcome this, the edges can be covered twice to improve the thickness.  
Operator training and experience is the only control for the applied thickness, although 
with the correct measuring and quality control, the thickness can be assured prior to 
job completion. 
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2.6.8.   Health Safety and Environment 
A summary of the requirements identified in the material safety data sheet for zinc 
spray wire (02E-Zinc Wire, 2009) is provided in Table 2.4. 
Table 2.4 - Health and Safety information for thermal metal spray 
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Zinc Spray Wire               
 
Having witnessed the process being performed first hand, other controls similar to the 
performing of gas metal arc welding should be used.  Hearing protection should also 
be used during thermal spray processes as the noise emitted, whilst not measured, is 
excessive due to the use of compressed air and in the case of arc metal spraying, the 
arc itself.   
Additional eye protection in the form of a welders helmet or shield should be used to 
prevent injury caused by the arc created during the process or electric arc spraying.  A 
shield is also required for flame spraying, but this can be a lighter shade. 
As the zinc overspray is cold upon leaving the handpiece, it can be swept from filters 
and sent to a recycling centre for reprocessing.  This is the current practice of Elisha 
Engineering in Fiji.   
The process of preparing the steel for metallising can have its environmental impact 
reduced by committing to non-toxic, biodegradable degreasing.  This combined with 
recycling of grit through the use of a cyclonic filtering system would reduce all waste 
products to a minimum. 
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2.6.9.   Infrastructure 
Infrastructure requirements for metallising are minimal, with the preparation stage 
requiring the majority of parts.  Components required are listed in Table 2.5. 
Table 2.5 - Required infrastructure for metallising 
Barkly Owned New Capital Consumables 
 Wash down bay 
 Grit blasting for heavily 
contaminated items 
 Blasting bay 
 Blasting unit 
 Air compressor 
 Air drier 
 Cyclonic filter  
 Suitable work area 
 Ventilation/spray booth 
 Transformer - for arc type 
 Regulator system- for 
flame type 
 Wire feeder  
 Handpiece 
 
 Degreaser 
 Steel shot 
 Acetylene or other fuel 
source - flame type only 
 Zinc wire 
 Power 
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2.7. Sherardizing 
2.7.1.   Background 
Sherardizing is a process for zinc coating that was created in 1904 by Sherard Cowper-
Coles (Smith 1979) and is likely the least known process of all galvanising in Australia.  
The coating is similar to that of hot dip galvanising as it is formed by the diffusion of 
zinc into the steel to form a combination of zinc and zinc-iron alloys (Smith 1979).  The 
most significant difference being that it does not require a bath of molten material, but 
instead relies on powdered zinc.   
 
2.7.2.   Process 
The preparation of material to be Sherardized is identical to that of hot dip galvanising  
although picking can be replaced with grit or shot blasting (Porter 1991, p. 292).  As the 
process relies on the reaction between zinc and iron to form the alloy layers, the steel 
must be free of grease, mill scale, and other contaminants otherwise the reaction will 
not occur (Porter 1991). 
Once the steel is prepared, the item is placed into a container containing powdered 
zinc and sand.  As the container will be rotated during the process,  sand is used to 
prevent the zinc particles from binding together, distributing the zinc evenly 
throughout the drum, and cushioning the work piece during the rotation (Porter 1991, 
p. 293).   This is then placed into a rotary style oven where the container and its 
contents are brought up to a specified temperature between 320° and 400°, but 
typically about 380°C (Porter 1991, p. 293).  As the container is rotated, the powdered 
zinc, sand and work piece are tumbled causing the zinc to come into contact with the 
now heated surface of the steel.  The reaction between the heated steel and zinc 
allows for the alloying reaction to take place. 
Once the steel has been in the furnace for the required time, the container is removed 
and cooled.  The coated steel is then removed and any used zinc powder discarded.  It 
is important to keep this “waste” zinc to a minimum by estimating the required 
amount of zinc to produce the required thickness (Porter 1991, p. 294). 
 
Cost Effective Galvanising in Remote Areas 
Stuart McInally 30 
 
2.7.3.   Inspection 
The inspection of the Sherardized steel is much the same as that of hot dip galvanising.  
Reactions will not take place where the steel is covered by some form of 
contamination.  The major difference between inspection of Sherardized and hot dip 
galvanised steel is in the thickness and coverage of the steel.  As Sherardizing relies on 
the contact of zinc powder against the heated steel, any surface that does not come 
into contact will not form a layer.  The correct rotation of the container is required to 
ensure that the surfaces evenly receive zinc. 
Like hot dip galvanising, the process is based on a reaction occurring and as such 
providing all surfaces come into contact with the zinc, the thickness of the zinc alloy 
layer will be even, including edges. 
 
2.7.4.   Advantages 
Due to the low temperature required throughout the process, there is less annealing, 
tempering, and heat distortion of the steel item than in hot dip galvanising.  This 
creates more dimensional stability for the fabrication and has less effect on the 
mechanical properties of the steel (Smith 1979, p. 6). 
As the layer is much the same as that obtained through hot dip galvanising, it is much 
stronger than a simple layer of zinc, theoretically making it more durable than 
metallising. 
The process appears to be better suited to a workshop that does not require ongoing 
galvanising.  The zinc is not required to be kept in a molten state so little to no energy 
is required during stand down times. 
Sherardized layers are highly uniform and as the steel absorbs the zinc, it is ideal for 
coating screw threads and other fine features.  Coating created by other process add 
material to the outside of the steel which means fine features may be lost under the 
layer of zinc (Porter 1991, p. 294). 
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2.7.5.   Disadvantages 
The process has a typical size limitation of 2m x 0.48m x 0.4m according to ISO14713.3, 
due to the size of the container that the items can be placed in.  Some drums can be 
up to 0.6m x 6m (Porter 1991, p. 293) and this may be suitable for beam elements, but 
not complete weldments, such as platforms. 
Whilst the lower temperatures can aid in dimensional stability, the temperatures are 
still high enough to have some effect on stressed areas such as welds.  The stresses in 
these areas can still be relieved causing some deformation of the part as identified in 
ISO14713.3. 
As the coatings are substantially thinner than those of hot dip galvanising and 
metallising, and the longevity of the coating is proportional to the thickness of the zinc, 
the life span of the coating is lower. 
 
2.7.6. Health Safety and Environment 
A summary of the requirements identified in the material safety data sheet for zinc 
dust (HZO Zinc Dust in different types, 2011) used in the sherardizing process is 
provided in Table 2.6. 
Table 2.6 - Health and Safety information for sherardizing 
 
Chronic 
Health 
Effects 
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Zinc Dust               
 
The storage of zinc dust is also of significant importance.  In its dust form it can create 
an explosive mixture with air and should therefore be stored away from ignition 
sources. 
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The waste product from the sherardizing process is in the form of sand with unused 
zinc.  This may involve permits to dispose of ethically, but no information has been 
sourced at this stage to verify the requirements. 
 
2.7.7.   Infrastructure 
Infrastructure requirements for sherardizing are listed in Table 2.7. 
Table 2.7 - Required infrastructure for sherardizing 
Barkly Owned New Capital Consumables 
 Wash down bay 
 Grit blasting for heavily 
contaminated items 
(option 1) 
 Blasting bay 
 Blasting unit 
 Air compressor 
 Air drier 
 Cyclonic filter  
 Suitable work area 
 Ventilation 
 
 Caustic bath 
 Pickling bath (option 2) 
 Suitable sized drum to hold 
the weldment 
 Oven large enough to 
contain drum with a 
rotating arm 
 Instrumentation for 
temperature monitoring 
and control 
 Screen for separation of 
zinc/sand from the 
weldment  
 A cooling system to lower 
temperature of the drums 
 Caustic solution - alkali or 
trichloroethylene 
 Steel grit (Option 1) 
 Weak hydrochloric acid for 
pickling (Option 2) 
 Gas for oven 
 Zinc powder 
 Sand 
 Power 
 
 
2.7.8. ArmorGalv 
In 1993, Dr Shtikan of the Distek Group refined the Sherardizing process by use of 
catalysts with zinc to change the way in which the zinc is diffused into the steel.  While 
Sherardizing relies on direct contact between the zinc and the steel, the ArmorGalv 
process involves sublimation of the zinc.  This means that it can be transformed 
directly from a solid to a gas without the liquid phase occurring.  This removes the 
need for sand and creates a more uniform layer of zinc alloys on the zinc.  
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Currently, the process is licensed and cannot then be adopted by other companies.  
Distek have a current license arrangement with ArmorGalv in NSW.  Their current 
drum size is Ø0.8 x 3m.  Whilst this is an improvement on the typical Sherardising drum 
sizes, it still restricts the size of the weldments that can be processed.  Ultimately, only 
individual members could be processed due to the size restrictions of the drum. 
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2.8. Zinc Rich Paint 
2.8.1. Background 
Zinc rich paints, including primers, have been in use since 1840 (New Jersey Zinc 
Company 1929, p. 5).  They are available in both organic and inorganic variations with 
the latter providing the great corrosion resistance (Tator 2003).  In both types, metallic 
zinc dust is mixed with a binder to form various paints depending on the binder type 
used.  The protection is provided by the inhibitive properties of the zinc powder in the 
same way as all other zinc coatings.  When the surface is marked, the zinc still provides 
cathodic protection for the steel providing suitable contact between the zinc in the 
paint and the steel is made(Davis 1994).  
 
2.8.2.  Inorganic Zinc Rich Paint 
The use of inorganic zinc rich paint for the protection of steel is covered by 
AS3750.15:1998 – Paints for Steel Structures – Inorganic Zinc.  The standard notes that 
the pigment of suitable inorganic zinc paints will have a total zinc content of no less 
than 98% by mass.  This mass includes both metallic zinc and zinc oxide, but must have 
a minimum of 94% metallic zinc.  The final dry coat metallic zinc content may vary 
depending on the product type as seen in Table 2.8. 
Table 2.8 - Zinc content for different product types (AS3750.15:1998 – Paints for Steel Structures – Inorganic Zinc) 
Product Type 
Water/Solvent 
Borne 
Components Cure Type 
Dry film Zinc 
Content 
1 Water Multi Application of heat 80% 
2 Water Multi Curing agent 85% 
3 Water Multi Water Loss 85% 
4 Solvent Single or Multi Solvent Loss 77% 
5 
(Weld through) 
Water multi Water Loss 50% 
Solvent Single or Multi Solvent Loss 50% 
6 Water 2 part Water Loss 85% 
 
The inorganic zinc paints consist of a silicate binder that may be water or solvent-
borne, with curing being self-cured by either water or solvent loss, the application of 
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heat or the use of a curing agent.  Ethyl silicate appears to be the most common in use 
(Tator 2003).  This particular silicate forms fine silica particles that bind other 
materials, such as zinc powder and also provides a tough layer with greater abrasion 
resistance than those found in organic coatings.  
Single part inorganic primers are available but are noted as not being able to provide 
equivalent protection as the two part primers as they do not cure to the same 
hardness (Tator 2003).  Single part inorganic primers are easier to mix and apply. 
The final coating of an inorganic zinc primer is temperature resistant up to 370°C and 
can be further increased to 650°C with the use of high temperature top coats such as 
ceramic coatings (Tator 2003). 
Inorganic silicates require high degree of surface preparation to ensure mechanical 
bond to the steel is achieved and improve electrical conductivity with the dry film of 
paint, thus promoting the galvanic cell.  They may also experience issues when top 
coating with organic products due to incompatibility (Davis 1994). 
The product available locally to represent this material is International Interzinc 86.  It 
is a solvent based two component paint that complies with AS3750.15:1998 - type 4 
products, meaning that it contains at least 77% metallic zinc and relies on solvent loss 
for curing. 
 
2.8.3.   Organic Zinc Rich Paint 
The use of organic zinc rich paint for the protection of steel is covered by 
AS3750.09:2009 – Paints for Steel Structures – Organic Zinc-Rich Primer.  The 
zinc/pigment component properties are identical to those of inorganic zinc rich paints 
with only the binder and the ability to apply with a brush the key differences. 
Organic zinc rich paints typically used are epoxy polyamide and polyurethane.  These 
provide superior wetting over inorganic silicate paints and will cover surfaces with 
incomplete preparation much more readily at the expense of abrasion resistance and 
long term corrosion protection. 
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The product available locally to represent this material is Jotun Galvanite.  It is a single 
pack epoxy coating typically used for the repair of galvanised surfaces, often where 
welding has been performed.  When used in conjunction with the recommended 
surface preparation, it can be used for the complete coating of steel surfaces. 
 
2.8.4. Process 
Organic zinc rich paint does not require the same level of preparation as that of 
inorganic paints.  The specification for Galvanite does not reference more than a clean, 
dry, and contamination free surface.  It does reference ISO8504, but does not state 
what type is required.  According to AS3750.9, single pack paints are able to provide 
suitable protection without the need for abrasive blasting.  Suitable cleaning with a 
degreasing agent and removal of loose scale and other contamination are all that is 
required. 
Inorganic zinc rich paints require a higher level of surface preparation.  The data sheet 
for Interzinc 86 states an abrasive blast to ISO8501-1:2007 Class 2 ½.    Oil and grease 
are also to be removed with solvent cleaning, with the material being clean, dry and 
free of contamination prior to painting. 
 
2.8.5. Inspection 
Visual inspection of the prepared surfaces is required by both types of paint to ensure 
that it meets the requirements of clean, dry, and free of contamination.  Additional 
inspection to ensure that the abrasive blasting required for inorganic zinc rich paints is 
also required, with testing as per AS3894.5. 
Measurement of the applied paint thickness is required.  The minimum dry thickness is 
specified for both paint types and is applied in 2 coats. This can be measured with an 
Elecometer or other paint thickness tester. 
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2.8.6.   Advantages 
Pitting corrosion and sub-film corrosion are eliminated which is unique to zinc rich 
paints (Davis 1994). 
Inorganic zinc rich paints offer a high level of abrasion resistance and high temperature 
performance.  They utilise crevices in their surface to entrap zinc oxide which further 
extends the life of the underlying steel by creating a barrier of zinc oxide (ref). 
 
2.8.7. Disadvantages 
When spraying zinc rich paints from a pot, the hose length and elevation can be limited 
due to the mass of the zinc dust in the paint (Tator 2003).  Whilst this could be seen 
with regular paints, it is important to consider the mass difference between zinc and 
non-zinc based paints. 
Similarly, consideration must be taken as to the continuation of the spraying activity.  
Stopping the flow of paint through a hose on a warm day may accelerate the reaction 
in inorganic zinc rich paints causing blockages in the hose (Tator 2003).  This is of 
particular importance in high temperature environments such as Mount Isa.  
As zinc rich paints contain less metallic zinc than any other coating and it has been 
stated previously that corrosion protection is proportional to zinc content, it is clear 
that thicker coatings of paint are required than other coatings to achieve the same 
mass of reactive material.  The thickness, however, is recommended by the 
manufacturer of the paint and is much less then would be required to achieve 
600g/m².  Thus, zinc rich paints are presumed to be one of the lowest forms of zinc 
protection for steel. 
 
2.8.8. Health Safety and Environment 
A summary of the requirements identified in the material safety data sheets for both 
organic and inorganic zinc based paints are summarised in Table 2.9. 
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Table 2.9 - Health and Safety information for sherardizing 
 
Chronic 
Health 
Effects 
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Organic               
Galvanite               
Thinners No.7               
Inorganic               
Resist 86 Part A                
Resist 86 Part B               
Thinners No.4               
 
2.8.9.   Infrastructure 
Infrastructure requirements for both paint types are minimal, with no new capital 
items required as seen listed in Table 2.10. 
Table 2.10 - Required infrastructure for zinc rich paints 
Barkly Owned New Capital Consumables 
 Wash down bay 
 Grit blasting for heavily 
contaminated items 
 Blasting bay 
 Blasting unit 
 Air compressor 
 Air drier 
 Cyclonic filter  
 Suitable work area 
 Ventilation 
 Spray booth 
 Spray gun 
 None Required  Degreaser 
 Steel grit 
 Paint 
 Thinners 
 Gun-wash 
 Power 
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3. Application Evaluation 
In order to determine the most suitable application method for applying zinc based 
coatings to steel fabrications in remote areas the selection criteria in Table 3.1 has 
been agreed to.   
Table 3.1 - Zinc Coating Criteria 
Criteria 
Requirement 
Minimum (1) Ideal (2) 
Fabrication size 1.2 x 3m 2.5 x 9m 
Coating type Zinc only 
Coatings suitable for high 
sulphur environments 
Coating thickness 600g/m²  Greater than 600g/m² 
Durability 
Current durability of painted 
structural steel (system 2005 
structural steel) 
Improved durability over painted 
steel 
Available land area Will fit on existing block Does not use up additional space 
Use of existing 
infrastructure 
Uses 50% existing infrastructure 
Requires minimal new 
infrastructure 
Environmental impact 
Manageable environmental 
impact i.e. may require licensing, 
or minimal reporting  
Minimal impact 
No reporting 
 
  
The application method is then scored according to criteria requirements in Table 3.2  
with a 0 if it does not meet the minimum, 1 if it meets only the minimum, and 2 if it 
meets the ideal requirement. 
Table 3.2 - Application Scoring 
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Hot Dip Galvanising 2 1 2 2 0 0 0 7 
Electroplating 1 1 0 0 0 0 1 3 
Metallising (arc/flame) 2 2 2 2 2 2 2 14 
Sherardizing 0 1 0 2 0 0 2 5 
Inorganic Zinc rich paint 2 1 0 2 2 2 2 11 
Organic Zinc Rich Paint 2 1 0 1 2 2 2 10 
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As Table 3.2 shows, the three most viable solutions are metallising and both organic 
and inorganic zinc primers.  The performance and cost of these possible solutions are 
to be explored further to determine their cost effectiveness. 
The low scores seen with hot dip galvanising, electroplating, and sherardizing can be 
attributed to their large amount of additional infrastructure and space required.  
Whilst this may be applicable to Barkly Engineering's current situation, others may find 
that they have the space necessary to install the required infrastructure.  These 
processes have only been seen as standalone plants that are not attached to any 
fabrication facilities. 
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4. Coating Performance 
4.1. Introduction 
In order to determine the cost benefit of each of the three short listed zinc coatings, 
their performance must be measured and accessed in relation to their implementation 
and ongoing costs.  The three coatings selected will be compared with the 
performance and costs associated with hot dip galvanising.  This is being performed as 
hot dip galvanising appears to be the industry standard.  The research performed has 
shown that little exists in terms of direct comparisons between the various coating 
types to support claims that hot dip galvanising is superior to all other coatings. 
Comparing the costs and performance of the coatings will also highlight the benefits, if 
any exist, of performing the coatings in a remote area or whether it is, in fact, of more 
benefit to fabricate in the remote are and ship back and forth to a hot dip galvanising 
plant located on the east coast. 
 
4.2. Testing 
To determine the performance characteristics of the shortlisted coating types, they 
were tested for corrosion using a standard neutral salt spray test and for abrasion 
using a Taber abrasion test.  The abrasion test would be representative of the coatings 
ability to resist damage that would occur to structural steel typically found in 
processing plants. 
To ensure that the tests were performed to the relevant standards, a testing facility 
approved by the National Association of Testing Authorities (NATA) was engaged.  This 
ensures that the results of the test are as accurate as possible whilst also remaining 
independent.  Had the tests been performed internally, the results could be 
questioned as to any bias the company may have.  Using an external NATA approved 
facility also ensures that all testing equipment and processes are maintained and 
preformed as per the required standard.  Purchasing or constructing the required 
equipment would add substantial time and cost to the testing process. 
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4.2.1. Samples 
Samples of each of the three shortlisted coatings and of hot dip galvanising were 
sourced from suppliers currently performing these coatings.  As stated previously, a 
minimum coating of 600g/m² of zinc has been used by the local mineral processing 
industry and will be adopted for both the hot dip galvanising and thermal spray 
coatings.  This will allow for a clear comparison between the current coating 
requirements and the cost benefits of the alternative coatings. 
Both the organic and inorganic paints cannot be used in this manner and the 
manufacturer’s specifications have been used.  These specify coating thicknesses 
between 30-75µm for Galvanite organic and 60-90µm Interzinc 86 inorganic.   Table 
4.1 outlines the specification for the coating thicknesses. 
Table 4.1 - Coating thickness of sample pieces 
Coating Type 
Specified Thickness 
(µm) 
Hot Dip Galvanised 85 
Arc Metal Sprayed 100 
Organic Paint 30-75 
Inorganic Paint 60-90 
 
The dimensions of the samples were specified by the testing facility in order to be 
suitable for both the relevant standards and the testing equipment requirements.  The 
corrosion testing required 100x150mm pieces, while the abrasion testing required 
100x100mm. 
The thickness of the samples was indirectly specified by the hot dip galvanising 
process.  As the thickness of the coating is determined by the diffusion reaction and 
the time to complete the reaction, a recommendation was requested from the nearest 
hot dip galvanising plant.  In order to achieve as near as possible to 600g/m², a 6mm 
thickness was recommended.  This was then requested from all suppliers as the 
thickness of the other coatings could be controlled irrespective of the base materials 
thickness. 
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The samples were supplied without top coats of paint, except for the thermal sprayed 
coating which was supplied with a sealer coat as per the recommendations of AS 
standard. 
4.3. Corrosion Testing 
4.3.1. Background 
In order to compare the corrosion resistance of each of the coating types, a neutral 
salt spray (NSS) test was used.  This test subjects the samples to an environment 
consisting of chloride ions, oxygen, and water at a higher than ambient temperature. 
This environment is highly corrosive and allows for accelerated results that may not be 
achievable in the normal operating environment. The process for performing the test is 
outlined in ASTM B117:2009 Standard Practice for Operating Salt Spray (Fog) 
Apparatus.  Whilst an Australian Standard exists, AS2331.3.1:2001 Methods of Test for 
Metallic and Related Coatings, Method 3.1: Corrosion and Related Property Tests - 
Neutral Salt Spray Test (NSS Test), it does not mention the testing of an artificially 
damaged sample. 
In addition to the standard test, a sample of each coating type was artificially damaged 
using a scribed 'X' on one face.  The scribe mark was placed as per ASTM D1654-08 
Standard Test Method for Evaluation of Painted or Coated Specimens Subjected to 
Corrosive Environments.  This was performed to test the both the barrier protection, 
with the undamaged sample, and the cathodic protection with the scribed sample.   
The use of a salt spray test is not recommended by ISO 14713-1:2009 as is prevents the 
formation of a patina layer comprised of zinc carbonate.  This layer acts as a protective 
barrier that reduces the corrosion of the zinc layer.  Whilst the use of the NSS is not 
recommended or representative of the operating environment that the coatings may 
be used and the actual life expectancy of the coatings cannot be determined from the 
test, a suitable alternative is not suggested and NSS does still allow for direct 
comparison of the corrosion performance between the coatings and what the relative 
life between the coatings would be. 
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4.3.2. Test Setup 
The setup of the NSS testing apparatus is established in B117 and is similar to that 
described in AS2331.3.1.  The figure in AS2331.3.1 better illustrates a typical example 
of a salt spray chamber and is shown in Figure 4.1. 
 
Figure 4.1 - Typical Salt Spray Apparatus (AS2331.3.1) 
 
It should be noted that the term "salt spray" does not correctly describe the use of salt 
and water in the test; rather they are used in conjunction with compressed air to 
create a fog of salty mist as can be seen in Figure 4.2. 
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Figure 4.2 - Neutral Salt Spray Example of Fog 
The duration of the test was set at 1000 hours as the maximum suggested by AS 
2331.3.1 as B117 does not recommend time frames other than suggesting any time in 
multiples of 24 hours.  The test can be stopped sooner if sufficient corrosion is 
observed prior to this time. 
The actual setup of the test samples can be seen in Figure 4.3.  Each sample is placed 
to allow the condensed salt solution to run off without coming into contact with any 
other samples as per the requirements of the standard. 
 
Figure 4.3 - NSS test setup 
Test Samples 
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4.4. Abrasion Testing 
4.4.1. Background 
Protective coatings on steel structures and equipment is subjected to damage during 
installation and operation, this can reduce its effectiveness in preventing corrosion. To 
determine the coatings resistance to this damage, it was decided to use a Taber 
Abrasion test.  The only alternative to this would be a hardness test, but this would not 
be comparable with the wear experienced in service.  Most wear would be seen as 
scrapes from tools and other equipment being moved throughout the plant and during 
installation from the use of slings/chains.     
The testing was performed to ASTM D4060-10 Standard Test Method for Abrasion 
Resistance of Organic Coatings by the Taber Abraser.  Whilst there is a specific 
standard for metallic sprayed coatings, ASTM F1978-12 Standard Test Method for 
Abrasion Resistance of Metallic Thermal Spray Coatings by Using the Taber Abraser, 
this is typically used for surgical implants and uses a lighter weight. 
To keep the test results comparable, it was decided to test all samples using the one 
test standard, this was ASTM D4060-10. 
 
4.4.2. Test Setup 
The test is performed by using a Taber Abraser machine as seen in Figure 4.4. 
  
Figure 4.4 - Taber Abrasion Tester (http://www.taberindustries.com) 
 
Vacuum 
Nozzle 
Weight 
Turntable 
Abrasive 
Wheels 
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The wheels place 1kg of load on the surface and have an abrasive contact surface.  As 
the sample piece rotates it causes the abrading wheels to rotate in opposite directions, 
one abrading inwards and the other outwards.  The off-centre position of the wheels 
also creates a rubbing action on the surface of the sample, as seen in Figure 4.5 
 
Figure 4.5 - Taber abrasion test action (http://www.materials.co.uk) 
   
The results from the test can be given in a number of different ways; loss in weight at a 
specified number of cycles, loss of weight per cycle, or number cycles required to 
remove a unit amount of coating thickness.  As this test consisted of coatings that had 
differing densities it was decided to use the average amount of material removed per 
cycle.  This provides a direct comparison between the coating types. 
4.5. Results 
4.5.1. Corrosion Test 
Corrosion test results were supplied in two parts; an interim report up to 500 hours 
and a final report from 500 to 1000 hours, the final report can be viewed in appendix 
B.  Images of the corrosion progress in the samples can be seen in Figure 4.6 to Figure 
4.14.  
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Figure 4.6 - Corrosion Test Samples Prior to Testing 
 
 
Figure 4.7 - Corrosion Test Samples @ 24 hours 
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Figure 4.8 - Corrosion Test Samples @ 48 hours 
 
 
Figure 4.9  - Corrosion Test Samples @ 168 hours 
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Figure 4.10 - Corrosion Test Samples @ 336 hours 
 
 
Figure 4.11 - Corrosion Test Samples @ 504 hours 
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Figure 4.12 - Corrosion Test Samples @ 672 hours 
 
 
Figure 4.13 - Corrosion Test Samples @ 840 hours 
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Figure 4.14 - Corrosion Test Samples @ 1000 hours 
 
As can be seen from the images, the painted surfaces deteriorate and corrode at a 
faster rate than the hot dip galvanised and thermal sprayed coatings.  As discussed as a 
disadvantage of the painted coatings, the edges showed the greatest rate of corrosion.  
This may have been reduced by applying additional coats to the edges, but this could 
not be guaranteed.  
To better understand the corrosion characteristics of the coatings, plots were 
produced to show the corroding of the coating and the underlying steel.  These can be 
seen in Figure 4.15 and Figure 4.16 respectively.  Type 1 data represent the 
undamaged samples and type 2’s are the artificially damaged samples.
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The plots clearly show that the pure metal coatings outperform the painted coatings in 
protecting the underlying steel from corrosion.  The zinc thermal spray shows the least 
corrosion followed by hot dip galvanising.  The slower development of white rust for 
the thermal sprayed coating can be attributed to the use of a sealer that would have 
provided some additional protection at the beginning of the test.  Comparing the 
results with the supplied images, it can be seen that the white rust that formed on 
both the hot dip galvanised and the thermal sprayed samples was more substantial, 
this would provide additional barrier protection to for the steel. 
Inorganic paint showed a substantial difference in protection of the undamaged versus 
the artificially damaged samples.  This may be due to a number of factors such as 
reduced zinc content compared to the other coatings, poor preparation, inconsistent 
coating thickness, or poor application.  Whilst the direct cause cannot be determined, 
it does raise concerns with the application of zinc painted steel supplied by external 
suppliers.   
Ultimately, the corrosion tests provided evidence of the claims by researched papers 
of the level of corrosion protection provided by each coating type.  Zinc thermal spray 
displayed the most protection for both damaged and undamaged samples, while hot 
dip galvanised only showed a greater rate of corrosion in the damaged sample. 
Inorganic zinc paint showed superior corrosion resistance over organic based zinc rich 
paints, but failed to show the same level of protection for a damaged sample. 
Additional testing could be warranted for inorganic zinc paints pending a suitable 
result in the cost evaluation.   
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4.5.2. Abrasion Test 
The results of the abrasion the abrasion test can be seen in Table 4.2 and Figure 4.17.  
The supplied reports can be reviewed in appendix C. 
Table 4.2 - Abrasion Test Results 
Sample 
Initial 
Thickness 
(µm) 
Cycles 
Final 
Thickness 
(µm) 
Loss 
(µm/cycle) 
Average Loss 
(µm/cycle) 
Inorganic 1 43 100 17 0.26 
0.26 
Inorganic 2 32 120 0.7 0.26 
Organic 1 171 1000 12 0.16 
0.17 
Organic 2 153 500 61 0.18 
Hot Dip Gal 1 66 1000 63 0.003 
0.01 
Hot Dip Gal 2 80 500 70 0.02 
Thermal Spray 1 130 1000 66 0.06 
0.09 
Thermal Spray 2 161 500 107 0.11 
 
 
Figure 4.17 Material Loss Per Cycle for Each Coating Type 
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As can be seen, the pure metal coatings are the most abrasive resistant although they 
also displayed the greatest variation in results. For hot dip galvanising, this could be 
attributed to the varying levels of hardness through the alloying layers.  Thermal 
sprayed coatings may show a variation due to varying levels of porosity, but without 
additional investigation into the reason behind the variation, the exact cause cannot 
be determined. 
4.6. Conclusion 
The testing performed has shown superior combined performance for the pure metal 
coatings of hot dip galvanising and thermal metal spraying.  Zinc thermal spray showed 
the overall best corrosion resistance, with hot dip galvanising showing the same level 
of protection for the undamaged sample and only a marginal 2% more corrosion after 
1000 hours.  Whilst the end corrosion was very close to identical for both of the  metal 
coatings, the hot dip galvanised coating shows a more rapid rate of corrosion that 
reduces over time.  This may be due to the formation of a thick zinc oxide layer that 
adds additional resistance.   
For the customer, zinc thermal spray offers both superior corrosion and abrasion 
resistance over both of the zinc rich paints.  Time to first maintenance would be 
reduced whilst providing a more durable form of protection that even if damaged is 
likely to provide a greater level of protection. 
 
5. Costs 
5.1. Introduction 
In order to determine the cost benefit of each coating, a method of comparison is 
required.  Hot dip galvanised coatings are typically costed based on the mass of the 
item being treated; however, the alternative coatings are better costed as a price per 
square meter.  The following section outlines the costs associated with the application 
of each of the coatings.  These costs will be approximate and any assumptions made 
will be explained. 
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5.2. Hot Dip Galvanising 
5.2.1. Background 
The costs associated with hot dip galvanising are considered differently to those of 
metallising and both types of paint.  It has already been deemed as an unviable 
method of zinc application based on infrastructure, land requirements, and 
environmental issues, yet it is seen as an industry standard and may well provide a cost 
effective means of coating structural steel in some or all cases.  To determine this, 
three sample items indicative of structural steel produced have been designed and 
costed by the nearest supplier.   
5.2.2. Example Items 
The structural design of the parts is only for costing purposes and is for comparison 
purposes only and has not been checked for compliance with relevant standards or 
engineering certification.  The general arrangement drawings are available in appendix 
D. 
 
Item 1 is a simple beam element requiring a single dip as seen in Figure 5.1. 
 
Figure 5.1 - Hot Dip Galvanising Sample Type 1 
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Item 2 is a "2 dimensional" platform type structure requiring a single dip as seen in 
Figure 5.2. 
 
Figure 5.2 - Hot Dip Galvanising Sample Type 2 
 
Item 3 is a "3 dimensional" structure requiring a 2 stage dip for full coverage as seen in 
Figure 5.3 
 
Figure 5.3 - Hot Dip Galvanising Sample Type 3 
 
5.2.3. Coating Cost 
The designs were sent to Industrial Galvanizers in Brisbane to price using their facility 
in Townsville.  Due to the requirement to ship the structures to another facility, it is 
assumed that all surface preparation will be performed by the galvanisers.  This avoids 
potential corrosion issues that would be likely to occur during transit. 
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5.2.4. Shipping Cost 
Costs for shipping were determined using local services that offer shipping between 
Mount Isa and Townsville.  The volume and weight of the structures were provided 
and assumed to travel separately.  Costs for return travel can be seen in Table 5.1 and 
quotes in appendix E. 
 
5.2.5. Effective Cost per m² 
The application and shipping costs were used in conjunction with the surface area of 
the designed structures to develop an approximate cost per square metre as seen in 
Table 5.1.  Hot dip galvanised coating are priced according to weight, so a conversion 
was required to make the costs between the various coatings comparable. 
Table 5.1 - Hot Dip Galvanising Costs 
Item 
Mass 
(kg) 
Surface Area 
(m²) 
Application 
Cost 
($) 
Shipping Cost 
($) 
Effective m² 
cost 
($/m²) 
1 100 2.85 $79 $268.90 $122.07 
2 500 14.91 $335 $708.80 $70.01 
3 1450 43.82 $1122.30 $4840.00 $136.06 
 
It should be noted that the costs supplied include the supplier’s margins and are not 
the actual costs for application as will be used for the zinc thermal spray and painted 
coatings. 
 
5.3. Thermal Metal Spray 
5.3.1. Background 
Costs associated with implementing thermal metal spray consist of both capital for 
new equipment and ongoing costs.  The costs for these were obtained from Metal 
Spray Supplies Australia who specialise in the supply of equipment and consumables 
for the metal spraying industries.  Through discussion with the supplier, a suitable set 
up was established that would provide the output required for a workshop such as 
Barkly Engineering's, whilst still providing portability that would allow for on-site 
application. 
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5.3.2. Abrasive Blasting 
The costs have been determined by the consumption of steel blasting abrasive, the use 
of compressed air, and labour to perform the task.  These costs are summarised in 
Table 5.2. 
The recirculation of steel abrasive material can vary depending on the work being 
performed and the condition and type of material being blasted.  For the purposes of 
this study, the consumption rate used will be 5kg/hr.  As the abrasive may be 
recirculated more than 200 times, this figure is conservative.  A quote for the steel 
abrasive was supplied and stated a rate of $1850/t. 
The cost of compressed air for the abrasive blasting is based on the following: 
Compressor:  Atlas Copco GA75 VSD (Variable Speed Drive) 
Built in air dryer 
35% increase in efficiency due to VSD 
Rated power is 75kW 
Maximum flow at 7.5bar is 528 CFM 
 
Blasting: 8mm Nozzle 
  3.8m³/min of air 
5kg/hr of abrasive (low figure due to the recirculation of abrasive) 
Maximum flow  = 528 cfm 
 = 897m³/hour 
 
Power Consumed at 100% load = 75kW x 0.65 (due to efficiency) 
 = 48.75kWh 
 
Cost for 897m³ = 48.75kWh x $0.2554 
= $12.45 
 
Cost per m³ = $12.45 / 897m³ 
= $0.014/m³ 
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Flow Rate Required for Blasting = 3.8m³/min 
Air Volume used per m² = 3.8 m³/min x 4 minutes 
 = 15.2m³ 
  
Cost per m² = $0.014/m³ x 15.2m³/m² 
= $0.21/m² 
 
Table 5.2 - Abrasive Blasting Costs 
Item Quantity Unit Cost Cost per m² 
Steel Abrasive 0.33kg $1850/t $0.62 
Compressed Air 15.2m³ $0.014 $0.21 
Labour 4 minutes $40/h $2.67 
  Total $3.50 
 
5.3.3. Capital Costs 
Capital items required and their costs are indicated in Table 5.3.  See appendix F for 
the supplied quotation. 
Table 5.3 - Arc Metal Spray Capital Items 
Item Details Quantity 
Cost (ex 
GST) 
Arc Spray 140E/S350 
Arc spray 140 pistol for 2.3mm Anti 
Corrosive materials 
1 
$39,950 
10m hose and cable package for 
electric drive 
1 
S350 Energizer with closed loop 
current control 
1 
Arc 140 inverter electric motor 
push/pull drive unit 
1 
Wire dispensing cones 2 
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5.3.4. Consumable Costs 
The costs of consumables for the application of a zinc metal sprayed coating consist of 
steel shot blasting, power for the metallising equipment and for compressed air, zinc, 
sealer and labour.  These costs are summarised in Table 5.4.  The cost of the sealer can 
be seen in appendix G. 
The cost of the zinc application consists of the mass of the required coating plus the 
amount of overspray expected.   
The Arc Spray 140E/S350 can spray zinc at a rate of 36kg/hr and has a coating 
efficiency of approximately 60% due to overspray.  To determine the time required 
and the mass of zinc used per square metre, the following calculations have been 
used: 
Spray rate = 36kg/hr 
 = 0.6kg/min 
 
Efficiency = 60% 
 
Mass to spray to achieve 0.6kg/m² = 0.6kg/m² /0.6 
 =1kg/m² 
 
The cost of compressed air will be constant throughout the sprayed coatings and has 
been estimated using the same air supply as the abrasive blasting: 
To determine the cost of compressed air to perform the spray operation per square 
metre: 
Maximum flow  = 528 cfm 
 = 897m³/hour 
 
Power Consumed at 100% load = 75kW x 0.65 
 = 48.75kWh 
 
Cost for 897m³ = 48.75kWh x $0.2554 
= $12.45 
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Cost per m³ = $12.45 / 897m³ 
= $0.014/m³ 
 
Flow Rate Required for Spray = 1.28m³ 
Air Volume used per m² = 1.28m³ x 1.66 minutes 
 = 2.125m³ 
  
Cost per m² = $0.014/m³ x 2.125m³/m² 
= $0.03/m² 
 
 
Table 5.4 - Zinc Thermal Spray Consumable Costs 
Item Quantity Unit Cost Cost per m² 
Zinc 1000g $6.70/kg $6.70 
Compressed Air (Zinc) 2.125m³/m² $0.014 /m³ $0.03 
Power for equipment 0.22kWh $0.2554 /kWh $0.06 
Jotun Penguard Sealer 0.19L $13.60/L $2.58 
Jotun Thinner No.17 0.19L $5.70/L $1.08 
Compressed Air (Sealer) 0.23m³ $0.014 /m³ $0.003 
  Total cost $10.45 
 
5.3.5. Labour 
The labour component has only been considered for the cost per square metre of 
actual spraying.  Labour costs for equipment setup and positioning and movement of 
the materials has not been quantified as these will vary depending on the structure 
being coated.   
The cost for labour required to spray the 1kg of zinc that was identified in section 5.3.3 
can be seen in Table 5.5, the following calculation was used: 
Time to spray 1kg/m² = 1kg/m²/0.6kg/min 
 =1.66 minutes 
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Table 5.5 - Zinc Thermal Spray Labour Costs 
Item Quantity Unit Cost Cost per m² 
Labour - Zinc 1min 40 seconds $40/h $1.11 
Labour - Sealer 22.5 seconds $40/h $0.25 
  Total $1.36 
 
5.3.6. Effective Cost per m² 
The effective cost per square metre for the application of thermal sprayed zinc 
coatings including steel preparation by abrasive blasting is outlined in Table 5.6. 
Table 5.6 - Summary of Thermal Spray Application Costs 
Task Component Cost per m² 
Abrasive Blasting 
Steel Abrasive $0.62 
Compressed Air $0.21 
Labour $2.67 
Zinc Thermal Spray 
Zinc $6.70 
Sealer $3.66 
Compressed Air $0.03 
Power for equipment $0.06 
Labour $1.36 
 Total $15.31 
 
It should be noted that the total cost of $15.80/m² does not reflect the additional 
labour required to perform the following tasks: 
 The initial positioning of the work piece in the spray booth 
 Setup of the spray equipment 
 Repositioning of the work piece 
 Re-loading of zinc coils 
These activities need to be considered on a job-by-job basis as each work piece can 
vary substantially. 
The indirect costs such as maintenance of machinery and depreciation on equipment 
have not been considered in these calculations.  Before making an investment decision 
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the business would need to take both direct and indirect costs into consideration to 
determine a more accurate value for return on investment. 
5.4. Organic Paints 
5.4.1. Background 
The cost of introducing organic zinc rich paint is only for consumables and applied 
product.  There are no capital costs required as painting facilities are already in place. 
The cost factors for the application of paints are: 
 Abrasive blasting for surface preparation 
 Materials - see appendix H for quotes 
 Labour 
 
5.4.2. Abrasive Blasting 
The cost of surface preparation by abrasive blasting is identical to that outlined in 
Table 5.2. 
 
5.4.3. Consumable Costs 
Quotes for the supply of the required paint components were sought and are outlined 
in Table 5.7.   
The coverage rate has been adjusted to include apparent and actual losses.  The 
former is caused by the surface profile, the latter by lost or wasted paint in the form of 
overspray and paint remaining in the hose and pot. 
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Table 5.7 - Organic Paint Consumable Costs 
Product Quantity Cost Cost/m² 
Jotun Galvanite 0.406L $34.83/L $14.14 
Jotun No.7 Thinners 0.406L $5.19/L $2.11 
Compressed Air 1.132m³ $0.014 /m³ $0.02 
  Total $16.27 
  
5.4.4. Labour Costs 
The labour component was determined by timing a painter that applied paint to a 
specified surface.  The result is then doubled to account for two coats.  The cost is 
outlined in Table 5.8Table 5.8 - Organic Paint Labour Costs 
Table 5.8 - Organic Paint Labour Costs 
Item Quantity Unit Cost Cost per m² 
Labour 2min $40/h $1.33 
 
5.4.5. Effective Cost per m² 
The effective cost per square metre for the application of organic zinc rich coatings 
including steel preparation by abrasive blasting is outlined in Table 5.9 
Table 5.9 - Summary of Organic Zinc Paint Application Costs 
Task Component Cost per m² 
Abrasive Blasting 
Steel Abrasive $0.62 
Compressed Air $0.21 
Labour $2.67 
Organic Zinc Rich Paint 
Galvanite $14.14 
Thinners No.7 $2.11 
Compressed Air $0.02 
Labour $1.33 
 Total $21.10 
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5.5. Inorganic Paints 
5.5.1. Background 
The cost of introducing inorganic zinc rich paint is only for consumables and applied 
product.  There are no capital costs required as painting facilities are already in place.  
The cost factors for the application of paints are: 
 Abrasive blasting for surface preparation 
 Materials - see appendix H for quotes 
 Labour 
 
5.5.2. Abrasive Blasting 
The cost of surface preparation by abrasive blasting is identical to that outlined in 
Table 5.2. 
 
5.5.3. Consumable Costs 
Quotes for the supply of the required paint components were sought and are outlined 
in Table 5.10.  Due to the local supplier no longer supplying International Interzinc 86, 
an equivalent Jotun product was sought, Resist 86.  This product, like Interzinc 86, 
consists of two parts.  The costs for these are grouped together as the rate of use for 
these is proportional. 
The coverage rate has been adjusted to include apparent and actual losses.  The 
former is caused by the surface profile, the latter by lost or wasted paint in the form of 
overspray and paint remaining in the hose and pot. 
Table 5.10 - Inorganic Paint Consumable Costs 
Product Quantity Unit Cost Cost/m² 
Jotun Resist 86 0.48L $ 25.88/L $12.42 
Jotun No.17 Thinners 0.48L $5.71/L $2.74 
Compressed Air 1.066m³ $0.014 /m³ $0.01 
  Total $15.17 
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5.5.4. Labour Costs 
The labour component was determined by timing a painter that applied paint to a 
specified surface.  The result is then doubled to account for two coats.  The cost is 
outlined in  Table 5.11.  
Table 5.11 - Inorganic Paint Labour Costs 
Item Quantity Unit Cost Cost per m² 
Labour 1min 53 seconds $40/h $1.25 
 
5.5.5. Effective Cost per m² 
The effective cost per square metre for the application of inorganic zinc rich coatings 
including steel preparation by abrasive blasting is outlined in Table 5.12. 
Table 5.12 - Summary of Inorganic Zinc Paint Application Costs 
Task Component Cost per m² 
Abrasive Blasting 
Steel Abrasive $0.62 
Compressed Air $0.21 
Labour $2.67 
Inorganic Zinc Rich Paint 
Resist 86 $12.42 
Thinners No.17 $2.74 
Compressed Air $0.01 
Labour $1.25 
 Total $19.92 
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5.6. Conclusion 
The square meterage costs for the zinc coatings are summarised in Table 5.13.  As 
discussed, the costs for the sprayed coatings are restricted to only those of the direct 
application. 
Table 5.13 - Summary of Application Costs 
Application Method Cost/m² 
Metal Spray $15.31 
Inorganic Paint $19.92 
Organic Paint $21.10 
Hot Dip Galvanising $70.01-$136.06 
 
Zinc thermal spray has resulted in the lowest cost per square metre with the cost of 
the material making the most significant reduction compared with the painted 
coatings.  For Barkly Engineering, it also requires a capital investment of $39,950 
(excluding GST) which needs to be accounted for in the mark up cost for the 
application.  This will be explored further in section 6. 
It is interesting to note that the application of inorganic zinc based paint has a lower 
application cost than that of organic paint.  This may be attributed to the larger 
volumes that inorganic paint is available in than organic, 20L versus 4L respectively. 
The cost analysis has confirmed that the application of hot dip galvanising is not cost 
effective for workshops operating in remote areas.  The transport costs are the most 
significant reason for this and are unlikely to be negotiated low enough to compete on 
a cost basis with the other coatings. 
For the customer, it is clear that the costs associated with the application of zinc 
thermal spray potentially offers the most cost effective alternative to hot dip 
galvanising.   
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6. Net Present Value (NPV) 
6.1. Introduction 
Zinc thermal spray has shown superior corrosion protection and the lowest cost for 
application, however it also presents as the only coating with a capital expense.  To 
determine if this is a viable venture for the business, the costs will be analysed using 
net present value. 
The net present value (NPV) is a simple tool that compares the return on the capital 
investment with that of an alternative investment, such as a high interest bank 
account.  If the result of the NPV is positive then the purchase of capital equipment 
required is a worthwhile investment.  However, if it is negative then the project should 
not proceed further despite any positive gains for the customer. 
6.2. Inputs 
The NPV has been set up as an Excel spreadsheet as can be seen in appendix I. This 
allows for input of the capital purchase, proposed income, and the alternative 
investment to provide a direct comparison. 
The only absolute value that can be input is the quoted capital investment of $39,950.  
All other costs are based on assumptions based on both historical information such as 
the amount of structural steel painted over the past 2 years, and also a reasonable 
"guess."  These assumptions can be more accurately input if the result is positive. 
Assumptions made are as follows: 
 The amount of coated structural steel does not increase 
 The amount of zinc thermal sprayed steel accounts for 10% of coatings in the 
first year, 25% for the second year, and 50% for all consecutive years 
 There is no increase in total amount of steel coated with any type of coating 
 The useful life is 15 years, as per the Australian Tax Office's guideline for 
depreciating similar equipment (MIG welder) 
 The internal rate of return (IRR) is 7% 
 The charge out rate for the application is $70/m², therefore has a gross profit of 
$54.69  
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The assumptions are conservative as without effective marketing, the values cannot be 
more accurately determined.  This is considered adequate for this stage of the project, 
and can be adjusted for more accuracy after the results gathered from marketing can 
be entered. 
6.3. Results 
The NPV results expected are a payback period and a dollar figure that shows the value 
of the capital investment in relation to the alternative investment value. 
The result for zinc thermal spray is a payback period of 2.3 years and the output figure 
is $250,987.  This value is not the amount of revenue generated, but as long as it is 
positive, the project is worth pursuing. 
6.4. Conclusion 
As the NPV demonstrates, the project has a respectable payback period and an 
encouraging positive return.  This shows that it is in the company's interest to pursue 
the use of zinc thermal spray and provide the service.  
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7. Conclusions 
7.1. Introduction 
The process followed for this project has identified all possible methods for applying 
zinc coatings for corrosion protection of structural steel.  These methods have been 
analysed and ranked against both the company's and the client's needs to determine 
the most appropriate coating to provide.  
Samples of the three highest ranked coatings along with hot dip galvanising were 
obtained and tested to compare the performance of coatings, primarily for corrosion, 
but also for abrasion resistance.  These were tested by Bureau Veritas in order to 
achieve accurate results without the possibility of influencing the results. 
Costs for these coatings were determined to find the cost per square meter of 
application, these again were compared with the application of hot dip galvanising to 
see what benefits may exist.  Whilst these costs would show benefit for the client, an 
NPV was required to show if there was a positive business case for the implementation 
of the selected coating. 
7.2. Discussion 
The research into the available coatings resulted on only six types of coatings.  Very 
little development in this field has been identified except in Sherardizing with the 
development resulting in the coating supplied by ArmorGalv.  This could not be 
considered though due to licensing arrangements that give ArmorGalv the 
independent rights to provide the coating in the Australian market. 
All of the coatings that were researched and removed from further investigation 
involved equipment that could not be installed at Barkly Engineering's current site and 
required additional infrastructure that would have added to the capital investment. 
A fair evaluation of the performance characteristics of the selected coatings was 
performed to not only show how well the coatings protected the steel, but also how 
durable the coating would be clearly showed the advantages of the metal coatings.  
Zinc thermal spray showed slightly more protection than hot dip galvanising, though 
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this was marginal.  The performance of zinc thermal was superior to both of the 
painted coatings.   
Abrasion test results again showed superior performance by the zinc thermal sprayed 
coating being almost twice as resistant as inorganic paint and almost 3 times more 
resistant than organic paint.  Hot dip galvanising does display substantially more 
abrasion resistance than all coatings being 9 times greater than zinc thermal spray.  
The alloyed layers do provide that additional protection as claimed and these cannot 
be replicated with any of the sprayed coatings. 
The performance of the coatings also needed to be taken into account with the cost of 
the application.  Again, zinc thermal spray displayed the greatest benefit at 
approximately 25% less than the painted coatings and up to 90% less than hot dip 
galvanising.   
Only a marginal difference exists between the organic and inorganic coatings.  This was 
an unexpected result given the superior performance of the inorganic paint over 
organic, and the lower cost is a likely result of the economy of scale as inorganic zinc 
paint is available in larger quantities than organic paints.   
The use of a NPV reinforced the adoption of zinc thermal spray option as it has a 
relatively low payback period and a convincing return on the capital investment.  The 
NPV does require more accurate information that can be obtained by marketing the 
process to the company's clients. 
7.3. Conclusion  
The project has clearly identified zinc thermal spray as a viable process for cost 
effective galvanising in remote areas.  Its improved performance over all other 
coatings and an abrasion resistance greater than the painted coatings combined with 
the lowest cost of all coatings offers clients a form of corrosion protection that has the 
ability to extend the life of their steel products. 
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8. Recommendations 
8.1. Introduction 
This project has highlighted the use of zinc thermal spray as a viable alternative to hot 
dip galvanising.  Throughout the project many claims have been seen that show a bias 
to individual coatings with hot dip galvanising stressing their claims as the most cost 
effective and highest performing zinc based corrosion protection.  The research 
performed has countered this claim as well as claims that zinc thermal spray has the 
highest cost of application.   
8.2. Limitations and Challenges 
The development of the project raised some issues that can be experienced when 
performing corrosion protective coatings in remote areas, these include: 
 Poor recognition in the industry of alternatives to hot dip galvanising 
 A lack of comparative data between zinc based coatings 
 Quality control issues when obtaining the painted samples.  Dry film 
thicknesses were observed to be both under and over those specified by the 
supplier.  Brushed applications were also supplied.  Whilst these were rectified, 
the use of an external contractor for the application can present additional 
complications. 
8.3. Recommendations for Future Work 
At this stage, zinc thermal spray is a viable solution; however, the NPV developed is 
based on assumptions.  This is acceptable, but more accurate information is required 
prior to investing in the required infrastructure.  Marketing to the company's clients is 
recommended and updating the information in the NPV should be performed.  
Pending an acceptable result from the NPV, the thermal spray equipment can be 
acquired.  Once in place, the operating costs should be monitored to ensure that the 
information used in the NPV was in-fact accurate and that the payback period and 
revenue is being met.  If these appear low, further marketing of the process would be 
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recommended and failing a positive response, the equipment could be sold off with 
minimal loses expected. 
 
9. Project Reflection 
This project has followed the guide set out by the Project Specification, appendix A.  
Every step within the programme has been addressed albeit with some minor changes 
to critiquing outlined in step 6.  Due to the constraints of the business it was necessary 
to reduce the number of samples tested.  There would be little benefit testing 
methods such as electroplating and sherardizing when the processing equipment 
required could not be accommodated on the premises and their properties unsuitable 
for the required application.  Performing a critiquing exercise earlier in the project 
allowed for a more economical and practical testing and costing phases.  The final 
stage required less critiquing due to the conclusive results provided by both the testing 
and costing phases.  Had the results been less definitive with no standout solution 
being present, a method of identifying the cost benefit of each coating type would 
have been required to determine the overall best performer. 
The comparison of the alternative coatings with hot dip galvanising remains within the 
bounds of the project specification as it shows a truly cost effective solution as there 
was always a possibility that sending fabricated steel to a hot dip galvanising plant 
elsewhere may have proven more cost effective.  This had not been initially 
considered, but was a worthwhile addition to the project to provide a complete cost 
benefit analysis. 
Overall, accordance with the Project Specification has been maintained and resulted in 
a viable solution that can be adopted by the business. 
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Appendix A: Project Specification 
University of Southern Queensland 
FACULTY OF ENGINEERING AND SURVEYING 
ENG 4111/4112 Research Project 
PROJECT SPECIFICATION 
 
FOR: STUART MCINALLY 
TOPIC: COST EFFECTIVE GALVANISING IN REMOTE AREAS 
SUPERVISORS: Steven Goh 
 Graham Liddell, Managing Director, Barkly Engineering 
SPONSERSHIP: Barkly Engineering 
PROJECT AIM:  To find a viable solution for the company to provide galvanising for 
structural steel in a remote location.   
 
PROGRAMME: (Issue A, 11th March 2013) 
1. Determine requirements for zinc galvanising outlined in Australian/International, 
industry, and local standards. 
2. Research background information relating to traditional zinc galvanising, purpose, 
application methods, mechanical properties, and required infrastructure 
3. Identify potential alternatives to traditional galvanising techniques 
4. Identify testing methods 
5. Source samples of alternative galvanising and test them according to the relevant 
standards 
6. Develop a critiquing system to evaluate the various methods and determine the most 
effective galvanising technique. 
7. Clearly identify the most viable solution or solutions. 
 
AGREED: 
 
______________________ ______________________ ______________________ 
Stuart McInally Graham Liddell Steven Goh 
___ /___ /___ ___ /___ /___ ___ /___ /___ 
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Appendix B: Corrosion Test Results 
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Appendix C: Abrasion Test Results 
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Appendix D: Hot Dip Galvanising Example Items 
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Appendix E: Hot Dip Galvanising Shipping Costs 
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Appendix F: Thermal Metal Spray Capital Quotation 
MSSA  
P.O. Box 954, Capalaba, Queensland 4157 
Phone:  (07) 3823 1004   Fax: (07) 3823 1005 
Office & Warehouse: 3/37 Veronica Street, Capalaba, 4157 
Internet Web Site: http://www.metalspraysupplies.com 
Email:  sales@metalspraysupplies.com 
ABN:  80 403 448 834 
To: Barkly Engineering 
      6 Enterprise Road 
      Mount Isa 
      QLD 4825 
 
For the attention of Stuart Mc Inally 
                QUOTATION NO: 831 
Quote Date 
19/8/2013 
Quote Expires 
30/9/2013 
         Estimated Delivery : Presently available ex works normal 
delivery 8-10 weeks, to be confirmed at time of order 
Item 
No. 
Qty 
 
Part No. Description Unit Price 
$AUD 
Total 
1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2 
1 
 
 
 
 
 
 
1 
 
 
1 
 
 
1 
 
 
1 
 
 
2 
 
 
 
 
 
500kg 
 
 
140E/S350 
 
 
 
 
 
 
ARC140-CG 
 
 
SUP140-EV10P 
 
 
2227-PLC 
 
 
ARC140-DUAEV-
PLC 
 
Wdispcone 
 
 
 
 
 
Zinc 2.3mm 
 
 
Metallisation Arc Spray 
140E/S350 100% Duty Cycle 
Push/Pull  Metal Spray System 
complete with 10 meter supplies 
package, 2 off wire dispensing 
cones and Manuals comprising:- 
 
Arc spray 140 pistol for 2.3mm 
Anti Corrosive materials 
 
10m hose and cable package for 
electric drive 
 
S350 Energizer with closed loop 
current control (380/440v) 
 
Arc 140 inverter electric motor 
push/pull drive unit 
 
 Wire dispensing cones 
 
 Price Ex works Brisbane: 
 
 
 
2.3mm Zinc in 250kg Production 
packs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
39,950+
GST 
 
 
6.70/kg 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
39,950
+GST 
 
 
 
$3350+
GST 
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 Payment :50% deposit with order 
                50% upon delivery 
 
All Goods remain the property of 
MSSA until paid for in full. 
 
  
 
      
For and on behalf of MSSA 
P.Kaggelis 
P.Kaggelis- Sales Engineer 
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Appendix G: Thermal Metal Spray Sealer Costs 
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Appendix H: Painted Coating Costs 
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Appendix I: Net Present Value (NPV) 
 
